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(57) ABSTRACT

A non-transitory computer-readable medium stores com-
puter-readable instructions performing processes including a
determination, a setting, a first generation, a second genera-
tion and a transmission operations. The determination opera-
tion determines whether a communication state is a first or
second state based on at least one of transmission data
transmitted by the communication device to a conference
server and reception data received by the communication
device from the conference server. The setting operation sets
a combined time to a first or second period of time in
response to the determination operation. The first generation
operation generates sound data corresponding to the com-
bined time, by sequentially compressing sampling data
corresponding to the combined time in an order of storage in
a first storage portion. The second generation operation
generates a packet including the sound data. The transmis-
sion operation transmits the packet to the conference server
at a cycle corresponding to the combined time.
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1
COMMUNICATION DEVICE AND
NON-TRANSITORY COMPUTER-READABLE
MEDIUM

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to Japanese Patent Appli-
cation No. 2013-246882 filed on Nov. 29, 2013, the disclo-
sure of which is herein incorporated by reference in its
entirety.

BACKGROUND

The present disclosure relates to a communication device
that is capable of communication with a plurality of coun-
terpart devices via a network, and to a non-transitory com-
puter-readable medium.

A system is known that allows spoken communication
between users of each of a plurality of communication
devices. In this system, each of the plurality of communi-
cation devices performs communication of data of sound
(hereinafter referred to as sound data) with the other com-
munication devices. As known technology, a technology is
disclosed in which a transmission interval of an audio data
packet from a transmitting device is equal to or less than 60
milliseconds (hereinafter, millisecond and milliseconds are
referred to as ms), or more preferably, is approximately 20
ms. According to this technology, even if a data packet is lost
during communication, the user of a receiving device does
not easily notice a gap in the conversational voice.

SUMMARY

Atime that is required for each of a plurality of sound data
transmitted from a specific communication device to reach
another communication device via a network may vary,
depending on network conditions and so on. Hereinafter, the
time required from when the sound data is transmitted from
the specific communication device to the time at which the
sound data is received by the other communication device is
referred to as a delay time. Variations in the delay time of
each of the plurality of sound data are referred to as jitter. In
order to maintain the quality of spoken communication, it is
desirable for jitter to be low.

When jitter is high, even when the specific communica-
tion device transmits the plurality of sound data at a constant
cycle, using the above-described known technology, an
interval at which the plurality of sound data are received by
the other communication device becomes unstable. In this
case, an interval at which the other communication device
outputs sound based on each of the plurality of sound data
also becomes unstable. As a result, when there is a long
interval between the sound output by the other communi-
cation device, there is a possibility that gaps occur in the
output sound. Thus, the above-described known technology
does no more than set the transmission interval of the
plurality of sound data from the specific communication
device as a predetermined interval, and cannot reduce the
jitter when the plurality of sound data are received by the
other communication device.

On the other hand, as known technology that inhibits
deterioration in spoken communication quality caused by
jitter, a technology is known in which a predetermined
amount of the sound data is constantly stored (i.e., buffered)
in a storage device (a RAM or the like) by the receiving side
communication device and the receiving side communica-
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tion device outputs sound based on the stored sound data.
When this known technology is used, a time required from
when the plurality of pieces of sound data are transmitted
from the specific communication device to when the sound
based on the plurality of pieces of sound data is output by the
other communication device becomes long. As a result, even
when this known technology is used, there is a case in which
a “real-time” feeling of the conversation (i.e., instantaneity)
deteriorates.

Various exemplary embodiments of the general principles
described herein provide a communication device that inhib-
its a deterioration in spoken communication quality by
reducing jitter, and a non-transitory computer-readable
medium.

The embodiments described herein provide a non-transi-
tory computer-readable medium storing computer-readable
instructions. The instructions, when executed by a processor
of'a communication device configured to connect a network,
perform processes including a first judgment operation, a
first generation operation, a storage operation, a determina-
tion operation, a setting operation, a second judgment opera-
tion, a second generation operation and a transmission
operation.

The first judgment operation is an operation that judges
whether sampling data of sound corresponding to a period of
time equal to or greater than a predetermined period of time
is stored in a first storage portion. The first generation
operation is an operation that sequentially generates, in
response to the first judgment operation judging that the
sampling data of sound for the first period of time equal to
or greater than the predetermined period of time is stored in
the first storage portion, unit sound data, by sequentially
compressing the sampling data that corresponds to the
predetermined period of time and that is stored in the first
storage portion, in an order of storage in the first storage
portion. The storage operation is an operation that stores the
unit sound data. The determination operation is an operation
that determines whether a communication state of the net-
work is one of a first state and a second state different from
the first state, based on at least one of transmission data that
is transmitted to the network and reception data that is
received from the network. The setting operation is an
operation that sets a combined time that corresponds to a
length of time of sound in sound data included in a single
packet. The combined time is set to one of a first period of
time and a second period of time longer than the first period
of time. The combined time is set to the first period of time
when the determination operation determines that the com-
munication state is the first state. Further, the combined time
is set to the second period of time when the determination
operation determines that the communication state is the
second state. The second judgment operation is an operation
that judges whether the unit sound data corresponding to a
period of time equal to or greater than the combined time is
stored in the second storage portion. The second generation
operation is an operation that, in response to the second
judgment operation judging that the unit sound data corre-
sponding to the period of time equal to or greater than the
combined time is stored in the second storage portion,
generates the packet that includes the unit sound data
corresponding to the combined time. The transmission
operation is an operation that transmits, to at least one
counterpart device at a cycle corresponding to the combined
time, the packet generated by the second generation opera-
tion.

The embodiments described herein also provide a com-
munication device. The communication device includes a
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processor and a memory storing computer-readable instruc-
tions. When executed by the processor of the communica-
tion device, the instructions perform processes including a
first judgment operation, a first generation operation, a
storage operation, a determination operation, a setting opera-
tion, a second judgment operation, a second generation
operation and a transmission operation. Each of the opera-
tions is similar to that of the non-transitory computer-
readable medium.

The embodiments described herein also provide a non-
transitory computer-readable medium storing computer-
readable instructions. When executed by a processor of a
communication device, the instructions perform processes
including a determination operation, a setting operation, a
first generation operation, a second generation operation and
a transmission operation.

The determination operation is an operation that deter-
mines whether a communication state with a conference
server via a network is one of a first state and a second state
different from the first state, based on at least one of
transmission data that is transmitted by the communication
device to the conference server, which is capable of data
communication with the communication device via the
network, and reception data that is received by the commu-
nication device from the conference server. The setting
operation is an operation that sets a first period of time as a
combined time in response to the determination operation
determining that the communication state is the first state,
and sets, as the combined time, a second period of time that
is longer than the first period of time in response to the
determination operation determining that the communica-
tion state is the second state. The first generation operation
is an operation that generates, from sampling data of sound
that is stored in a first storage portion, sound data corre-
sponding to the combined time, by sequentially compressing
the sampling data corresponding to the combined time in an
order of storage in the first storage portion. The second
generation operation is an operation that generates a packet
including the sound data. The transmission operation is an
operation that transmits the packet to the conference server
at a cycle corresponding to the combined time.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments will be described below in detail with
reference to the accompanying drawings in which:

FIG. 1 is a diagram showing an overview of a telecon-
ference system and an electrical configuration of a commu-
nication device and a server;

FIG. 2 is a diagram showing a flow of signals and data
relating to sound in the teleconference system;

FIG. 3 is a diagram illustrating a transmission cycle;

FIG. 4 is a flowchart of device-side first processing;

FIG. 5 is a flowchart of device-side second processing;

FIG. 6 is a flowchart of device-side third processing;

FIG. 7 is a flowchart of device-side fourth processing;

FIG. 8 is a diagram showing a table 1142;

FIG. 9 is a flowchart of first setting processing:

FIG. 10 is a diagram showing a table 1141;

FIG. 11 is a flowchart of second setting processing;

FIG. 12 is a flowchart of server-side first processing; and

FIG. 13 is a flowchart of server-side second processing.

DETAILED DESCRIPTION

A teleconference system 1 will be explained with refer-
ence to FIG. 1. The teleconference system 1 is provided with
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4

communication devices 11, 12 and 13 and a server 16.
Hereinafter, the communication devices 11 to 13 will some-
times be collectively referred to as a communication device
15 or as communication devices 15. The communication
device 15 and the server 16 are connected such that they can
perform communication via a network 20. The communi-
cation device 15 is a known smart phone. The server 16 is
a known multi-point control unit (MCU). Note that at least
one of the communication devices 11 to 13 may be a
terminal dedicated to teleconferencing, a general-purpose
personal computer (PC), a tablet PC or the like. The server
16 may be a general-purpose server.

An electrical configuration of the communication device
15 will be explained. The communication device 15 is
provided with a CPU 111 that controls the communication
device 15. The CPU 111 is electrically connected to a ROM
112, a RAM 113, a storage portion 114, a camera 115, a
display 116, a communication I/F 117, an input portion 118,
an A/D converter 119, a D/A converter 121 and a drive
device 123.

A boot program and a basic input/output system (BIOS)
etc. are stored in the ROM 112. A timer, a counter, flag
information and other temporary data etc. are stored in the
RAM 113. Note that the timer is updated at a predetermined
period (1 ms, for example) by a timer function that is
provided in an operating system (OS) that will be explained
later. Further, a first storage portion 15A, a second storage
portion 15B and a third storage portion 15C (refer to FIG. 2)
are provided, as storage areas, in the RAM 113. The storage
portion 114 is configured by a computer-readable non-
transitory storage medium, such as a flash memory, for
example. However, the storage portion 114 may be config-
ured by a hard disk and/or a ROM etc. It is sufficient if the
non-transitory storage medium is a storage medium that is
able to store information irrespective of a period of storage
of the information. The non-transitory storage medium need
not necessarily include signals that are temporarily trans-
ferred. Application programs (hereinafter, simply referred to
as “programs”) that cause the CPU 111 to execute device-
side first processing (refer to FIG. 4), device-side second
processing (refer to FIG. 5), device-side third processing
(refer to FIG. 6) and device-side fourth processing (refer to
FIG. 7) are stored in the storage portion 114, along with the
OS. Further, a table 1141 (refer to FIG. 10) and a table 1142
(refer to FIG. 8) are stored in the storage portion 114.

The display 116 is a liquid crystal display (LCD). The
communication I/F 117 is an interface element (a Wi-Fi
communication modem, for example) that is used by the
communication device 15 to perform wireless communica-
tion by connecting with an access point (not shown in the
drawings) that is connected to the network 20. The CPU 111
transmits and receives packets to and from the server 16, via
the communication I/F 117. The input portion 118 includes
physical buttons and/or a touch pad, for example. The touch
pad is an electrostatic capacitance type position input
device, for example, and outputs a signal that indicates a
coordinate position corresponding to a contact position of a
finger of a user. The touch pad may be configured by another
type of position input device, such as a resistive membrane
type device or an ultrasonic sensing device etc. A touch
panel may be configured by superimposing the touch pad
that is included in the input portion 118 on the display 116.
The A/D converter 119 is electrically connected to a micro-
phone 120, via an analog amplifier circuit (a microphone
amplifier or the like) that is not shown in the drawings. The
D/A converter 121 is electrically connected to a speaker 122,
via an analog amplifier circuit (a speaker amplifier or the
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like) that is not shown in the drawings. The drive device 123
can read out information that is stored in a computer-
readable storage medium 1231, such as a semi-conductor
memory or the like. The CPU 111 can use the drive device
123 to read out a program that is stored in the storage
medium 1231 and store the program in the storage portion
114.

Note that a general-purpose processor may be used as the
CPU 111. The present disclosure should not be limited by a
configuration that the device-side first processing to the
device-side fourth processing are executed by the CPU 111.
That is, the device-side first processing to the device-side
fourth processing may be executed by another electronic
device (an ASIC, for example). The device-side first pro-
cessing to the device-side fourth processing may be per-
formed as distributed processing by a plurality of electronic
devices (that is, a plurality of CPUs). For example, a part of
the device-side first processing to the device-side fourth
processing may be executed by a server that is connected to
the network 20. For example, the program may be down-
loaded from the server that is connected to the network 20
(namely, the program may be transmitted to the communi-
cation device 15 as a transmission signal), and may be stored
in the storage portion 114 of the communication device 15.
In this case, the program is stored in a non-transitory storage
medium, such as an HDD, provided in the server. The
communication I/F 117 may be an interface element (a LAN
card, for example) that connects the communication device
15 to the network 20 by a wired connection.

An electrical configuration of the server 16 will be
explained. The server 16 is provided with a CPU 161 that
controls the server 16. The CPU 161 is electrically con-
nected to a ROM 162, a RAM 163, a storage portion 164, a
communication I/F 165 and a drive device 166. A boot
program and a BIOS etc. are stored in the ROM 162. A timer,
a counter and other temporary data are stored in the RAM
163. Programs that cause the CPU 161 to execute server-side
first processing (refer to FIG. 12) and server-side second
processing (refer to FIG. 13) are stored in the storage portion
164, along with an OS. The communication I/F 165 is an
interface element (a LAN card, for example) that connects
the server 16 to the network 20. The CPU 161 performs
transmission and reception of data with the communication
device 15, via the communication I/F 165. The drive device
166 can read out information that is stored in a storage
medium 1661. The CPU 161 can use the drive device 166 to
read out a program that is stored in the storage medium 1661
and store the program in the storage portion 164.

A flow of signals and data relating to sound in the
teleconference system 1 will be explained with reference to
FIG. 2. The microphone 120 collects sound, such as the
voice etc., of the user using the communication device 15.
The microphone 120 converts the collected sound to an
analog electric signal and outputs the signal to the analog
amplifier circuit that is not shown in the drawings. The
analog amplifier circuit amplifies the input analog electric
signal and outputs the amplified signal to the A/D converter
119. The A/D converter 119 samples the input analog
electric signal at a predetermined sampling rate (44.1 kHz,
for example) and converts the analog electric signal to a
digital electric signal. The A/D converter 119 outputs the
digital electric signal to the CPU 111. The CPU 111 converts
the input digital electric signal to data and generates sam-
pling data 151. The CPU 111 stores the generated sampling
data 151 in the first storage portion 15A of the RAM 113.
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The sampling data 151 is stored in the first storage portion
15A in an order in which the sound is collected by the
microphone 120.

The CPU 111 acquires the sampling data 151 stored in the
first storage portion 15A in 20 ms chunks, in the order in
which the sampling data 151 is stored in the first storage
portion 15A, and compresses (e.g., encodes) the data in
accordance with a specific compression system. Hereinafter,
the compressed sampling data is referred to as compressed
data and the compressed data of 20 ms is referred to as unit
sound data. The CPU 111 stores generated unit sound data
152 in the second storage portion 15B of the RAM 113.
When 20 ms or more of the sampling data 151 is stored in
the first storage portion 15A, the CPU 111 repeats the
processing to generate the unit sound data 152 and store the
unit sound data in the second storage portion 15B.

It should be noted that hereinafter, for ease of understand-
ing, an explanation is made in which each of a plurality of
20 ms chunks of compressed data is stored in the second
storage portion 15B as the unit sound data 152, as shown in
FIG. 2. Here, in a state in which each of the plurality of 20
ms chunks of compressed data is stored in the second storage
portion 15B, the compressed data may be aggregated with-
out distinguishing between each of the chunks of data. In
other words, in the second storage portion 15B, compressed
data corresponding to the time 20 msxN may be stored,
where N (an integer of 1 or more) is a number of times that
the unit sound data 152 has been generated.

The CPU 111 sets a combined time. The combined time
indicates a time period of sound in sound data included in a
communication packet 153. The communication packet 153
is transmitted from the communication device 15 to the
other communication devices 15 participating in a telecon-
ference. The communication packet 153 includes one or a
plurality of the pieces of unit sound data 152. Further, the
combined time indicates a transmission cycle when trans-
mitting the communication packet 153. The combined time
is set based on an extent of variations in a delay time from
a time of transmission of a measurement packet to the server
16 to a time of reception of a measurement packet that is
returned from the server 16. Hereinafter, the extent of
variations in the delay time is referred to as jitter. The
method of setting the combined time will be explained in
detail later.

The CPU 111 generates the communication packet 153
that includes the compressed data corresponding to the
combined time. Note that a number of pieces of the unit
sound data 152 corresponding to the combined time are
included in the generated communication packet 153. For
example, when the combined time is set to 40 ms, the CPU
111 generates the communication packet 153 that includes
two pieces of the unit sound data 152 (20 msx2=40 ms).
Note also that, while in FIG. 2 only the two pieces of unit
sound data 152 are shown as the communication packet 153,
in actuality, header information that is necessary to perform
communication via the network 20 is added to the two pieces
of unit sound data 152. In the above-described case, the CPU
111 transmits the generated communication packet 153 to
the server 16 at a cycle corresponding to the set combined
time, namely, every 40 ms.

It should be noted that the processing in which the digital
electric signal output from the A/D converter 119 is con-
verted to data and the sampling data 151 is generated, and
then stored in the first storage portion 15A, and the process-
ing in which the generated communication packet 153 is
transmitted are executed by the CPU 111 as one function of
the OS. On the other hand, the processing in which the
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sampling data 151 stored in the first storage portion 15A is
compressed and the unit sound data 152 is generated, and the
processing in which the communication packet 153 that
includes at least one piece of the unit sound data 152 is
generated are executed by the CPU 111 operating based on
programs of the device-side first processing to the device-
side fourth processing (refer to FIG. 4 to FIG. 10).

As shown in FIG. 3, the CPU 111 changes the time period
of the sound of the sound data included in the communica-
tion packet 153 and the transmission cycle of the commu-
nication packet 153, depending on the set combined time.
When the combined time is 20 ms, the sound data corre-
sponding to 20 ms (one piece of the unit sound data 152) is
included in the communication packet 153 and the commu-
nication packet 153 is transmitted at a 20 ms cycle. Simi-
larly, when the combined time is 40 ms, 60 ms, 80 ms, 100
ms and 120 ms, the sound data corresponding to 40 ms (two
pieces of the unit sound data 152), 60 ms (three pieces of the
unit sound data 152), 80 ms (four pieces of the unit sound
data 152), 100 ms (five pieces of the unit sound data 152)
and 120 ms (six pieces of the unit sound data 152) are
respectively included in the communication packet 153, and
the communication packet 153 is transmitted at a cycle of 40
ms, 60 ms, 80 ms, 100 ms and 120 ms, respectively. Note
that, in the case of any of the combined times, the total
amount of the unit sound data 152 that is transmitted from
the communication device 15 to the other communication
devices 15 does not change.

The longer the transmission cycle of the communication
data transmitted from the communication device 15, the
lower the jitter. Jitter arises due to variations in the time
needed for the processing to perform communication of the
communication packet 153 between the communication
device 15, the server 16 and relay devices not shown in the
drawings (a router, a server etc.) that are located in the
network 20. As a result, the longer the transmission cycle of
the communication data, the lower the frequency of the
processing needed to perform the communication of the
communication packet 153, and the lower the jitter that is
caused by variations in the processing time. On the other
hand, the longer the transmission cycle of the communica-
tion data, the larger the delay time of the sound data, and it
is therefore preferable to have as small a transmission cycle
as possible. Therefore, in order for the teleconference to be
performed smoothly between the users, the communication
device 15 sets the appropriate combined time depending on
a communication state of the network 20. This will be
explained in more detail later.

As shown in FIG. 2, the CPU 161 of the server 16 receives
the communication packet 153 transmitted from the com-
munication device 15 via the network 20. The CPU 161
identifies the teleconference in which the communication
device 15 that has sent the communication packet 153 is
participating, and identifies the other communication
devices 15 that are participating in the teleconference. The
CPU 161 relays the received communication packet 153 to
the other identified communication devices 15.

When the CPU 111 of the communication device 15 has
received the communication packet 153 from the server 16
via the network 20, the CPU 111 acquires a number of pieces
(that correspond to the combined time) of the unit sound data
152 included in the received communication packet 153.
The CPU 111 expands (decodes) the acquired unit sound
packet and restores it to the original sampling data. The CPU
111 stores the sampling data in the third storage portion 15C
of the RAM 113. The CPU 111 acquires the sampling data
stored in the third storage portion 15C in chunks of 20 ms,
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in the order in which the sound was collected by the
microphone 120. The CPU 111 outputs, to the D/A converter
121, a digital electric signal corresponding to the acquired
sampling data. The D/A converter 121 converts the input
digital electric signal to an analog electric signal. The D/A
converter 121 outputs the analog electric signal to the analog
amplifier circuit that is not shown in the drawings. The
analog amplifier circuit amplifies the input analog electric
signal and outputs the amplified signal to the speaker 122.
The speaker 122 outputs sound corresponding to the input
analog electric signal.

Note that the processing in which the packet is received,
and the processing in which the digital electric signal
corresponding to the sampling data stored in the third
storage portion 15C is output to the D/A converter 121 are
executed by the CPU 111 as one function of the OS. On the
other hand, the processing in which the at least one piece of
unit sound data 152 included in the received packet is
expanded and restored to the original sampling data and is
stored in the third storage portion 15C is executed by the
CPU 111 operating based on programs that execute process-
ing that is not shown in the drawings.

By the above-described processing being executed, it is
possible for spoken communication to be performed
between the users of the communication devices 15 partici-
pating in the teleconference. It should be noted that only the
flow of the signals and the data relating to sound has been
explained above, but in actuality, packets including data of
shared document and video that are displayed on the display
portions 116 of the communication devices 15 are also
transmitted and received between the communication
devices 15 participating in the teleconference, via the server
16. The shared document includes explanatory materials etc.
relating to the teleconference, to which each of the users
refers during the teleconference. The video includes video
showing a situation of the user etc. that is captured by the
camera 115. Each of the users of each of the communication
devices 15 can perform the teleconference with the other
users of the other communication devices 15 using the
shared document and video displayed on the display 116 and
using the sound output from the speaker 122.

The device-side first processing to the device-side fourth
processing executed by the CPU 111 of the communication
device 15 will be explained with reference to FIG. 5 to FIG.
10. The device-side first processing is started by the CPU
111 executing a program stored in the storage portion 114
when an operation to activate the teleconference application
is input via the input portion 118. The device-side second
processing to the device-side fourth processing are started
by processing at step S13 (to be explained later) of the
device-side first processing. The device-side first processing
to the device-side fourth processing are executed in parallel.

Note that, in the following explanation, a specific expla-
nation is made of an example of a case in which each of the
users of the communication devices 11 to 13 participates in
a common teleconference, and the device-side first process-
ing to the device-side fourth processing are performed by the
CPU 111 of the communication device 11. For example,
before a scheduled date and time for the teleconference, an
electronic mail is transmitted from the server 16 to each of
electronic mail addresses corresponding to the communica-
tion devices 11 to 13 that are to participate in the telecon-
ference. The electronic mail includes a uniform resource
locator (URL) for the teleconference by the communication
devices 11 to 13. This URL is unique to each conference
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room of the teleconference. In other words, an ID (a con-
ference 1D) that identifies the teleconference is included in
the URL.

When the example of the communication device 11 is
given, the user of the communication device 11 operates the
communication device 11 at the scheduled date and time of
the teleconference. In the communication device 11, the
CPU 111 determines whether or not the input portion 118 has
detected an input corresponding to the URL that includes the
conference 1D (step S11). When the input corresponding to
the URL that includes the conference ID has not been
detected (no at step S11), the CPU 111 returns the processing
to step S11. When the input corresponding to the URL that
includes the conference ID has been detected (yes at step
S11), the CPU 111 accesses the server 16 via the commu-
nication I/F 117, and performs conference connection pro-
cessing. As a result of the conference connection processing,
a teleconference session is established between the commu-
nication device 11 and the server 16, and a teleconference
connection is established between the communication
device 11 and the server 16. A similar operation is performed
on each of the communication devices 12 and 13. In this
manner, the teleconference session is established between
the server 16 and each of the communication devices 12 and
13, and the teleconference connection is established between
the server 16 and each of the communication devices 12 and
13.

The CPU 161 of the server 16 associates the conference
ID included in the URL with an ID (a device ID) that
identifies each of the communication devices 11 to 13 and
stores the associated IDs as a management table in the
storage portion 164. The teleconference between the com-
munication devices 11 to 13 is started in this way.

The CPU 111 starts processing that converts a digital
electric signal output from the A/D converter 119 to data,
generates sampling data and stores the sampling data in the
first storage portion 15A. Note that this processing is
executed as a function of the OS and is performed in parallel
with the device-side first processing. The CPU 111 starts the
device-side second processing (refer to FIG. 5), the device-
side third processing (refer to FIG. 6) and the device-side
fourth processing (refer to FIG. 7) (step S13).

The device-side second processing will be explained with
reference to FIG. 5. The CPU 111 determines whether or not
sampling data corresponding to a time period equal to 20 ms
or more is stored in the first storage portion 15A (step S83).
When it is determined that the sampling data corresponding
to 20 ms or more is not stored in the first storage portion 15A
(no at step S83), the CPU 111 advances the processing to
step S91. When it is determined that the sampling data
corresponding to 20 ms or more is stored in the first storage
portion 15A (yes at step S83), the CPU 111 acquires 20 ms
chunks of the sampling data in the order in which the
sampling data is stored in the first storage portion 15A (step
S85). When the CPU 111 has acquired 20 ms of the sampling
data, the CPU 111 deletes the acquired sampling data from
the first storage portion 15A in order to secure the storage
capacity of the first storage portion 15A.

Note that the CPU 111 continuously performs the pro-
cessing in which the sampling data is generated and stored
in the first storage portion 15A as a function of the OS. Thus,
a cycle at which the CPU 111 acquires 20 ms of the sampling
data from the first storage portion 15A by the processing at
step S85 is substantially the same as the 20 ms cycle at
which 20 ms of the sampling data is newly stored in the first
storage portion 15A.
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The CPU 111 compresses the acquired 20 ms of sampling
data and generates the unit sound data 152 (step S87). The
CPU 111 stores the generated unit sound data 152 in the
second storage portion 15B (step S89). As described above,
as the sampling data is acquired from the first storage portion
15A at the cycle of 20 ms, a cycle at which the generated unit
sound data 152 is stored in the second storage portion 15B
is also approximately 20 ms.

The CPU 111 determines whether or not an input opera-
tion to end the teleconference has been detected via the input
portion 118 (step S91). When it is determined that the input
operation to end the teleconference has not been detected
(no at step S91), the CPU 111 returns the processing to step
S83. When it is determined that the input operation to end
the teleconference has been detected (yes at step S91), the
CPU 111 ends the device-side second processing.

The device-side third processing will be explained with
reference to FIG. 6. The CPU 111 determines whether or not
a transmission timing to transmit a measurement packet to
the server 16 has been reached, where the measurement
packet is transmitted to the server 16 at a constant cycle T1
(1 s, for example) (step S101). When it is determined that the
transmission timing of the measurement packet has not been
reached (no at step S101), the CPU 111 advances the
processing to step S123. When it is determined that the
transmission timing of the measurement packet has been
reached (yes at step S101), the CPU 111 acquires from the
OS a time tl, which is a point in time at which it is
determined that the transmission timing has been reached,
and stores the time t1 in the RAM 113 (step S103). The CPU
111 transmits the measurement packet to the server 16 (step
S105). The measurement packet is a packet that can be
transmitted via the network 20, and includes dummy data of
a predetermined size.

The CPU 111 determines whether or not the measurement
packet that is returned from the server 16 in response to the
transmission of the measurement packet has been received
(step S107). When it is determined that the measurement
packet has not been received (no at step S107), the CPU 111
returns the processing to step S107. When it is determined
that the measurement packet returned from the server 16 has
been received (yes at step S107), the CPU 111 acquires from
the OS a time t2, which is a point in time at which it is
determined that the measurement packet has been received,
and stores the time t2 in the RAM 113 (step S109). The CPU
111 acquires the time t1 and the time t2 stored in the RAM
113. The CPU 111 calculates the elapsed time from the time
t1 to the time t2 as the delay time, and stores the delay time
in the RAM 113 (step S111). The delay time is a turnaround
time obtained by adding a communication time taken for the
measurement packet transmitted from the communication
device 11 to arrive at the server 16 to a communication time
taken for the measurement packet transmitted from the
server 16 to arrive at the communication device 11. It should
be noted that, in place of the dedicated measurement pack-
ets, the processing at step S105 and at step S107 may be
achieved by a PING command, which is provided as stan-
dard in the OS and is operated in accordance with an internet
control message protocol (ICMP).

The CPU 111 determines whether or not a cycle T2 (10 s,
for example), which is longer than the cycle T1 at which the
measurement packet is transmitted, has elapsed from when
a jitter value is finally calculated by processing at step S117
and step S119 that will be explained later (step S115). When
it is determined that the cycle T2 has not elapsed from when
the jitter value is finally calculated (no at step S115), the
CPU 111 advances the processing to step S123.



US 9,473,541 B2

11

When the cycle T2 has elapsed from when the jitter value
is finally calculated, a plurality of delay times that have not
been used when calculating a standard deviation by the
processing at step S117 (to be explained later) are stored in
the RAM 113. When it is determined that the cycle T2 has
elapsed from when the jitter value is finally calculated (yes
at step S115), the CPU 111 uses the plurality of delay times
stored in the RAM 113 to calculate an average value and
then uses the calculated average value to calculate a standard
deviation o (step S117). The CPU 111 deletes the delay
times used to calculate the standard deviation o from the
RAM 113. The CPU 111 calculates 30 as the jitter value
(step S119). The CPU 111 transmits a first notification
packet, which includes the device ID of the communication
device 11 and the calculated jitter value, to the server 16
(step S121).

Note that the method of calculating the standard deviation
o need not necessarily be limited to the above-described
method. For example, the CPU 111 may use a RAM 113 as
a ring buffer. The CPU 111 may store the calculated delay
times in order in the ring buffer (step S111). Of the plurality
of delay times stored in the ring buffer, the CPU 111 may
acquire a predetermined number of the delay times in order
from a most recent storage timing. The CPU 111 may
calculate the standard deviation a using the acquired prede-
termined number of delay times. It should be noted that,
when the ring buffer is used, the CPU 111 does not delete,
from the ring buffer, the delay times acquired to calculate the
standard deviation o. In this manner, the CPU 111 can
calculate the standard deviation o using a number of the
delay times that is larger than the number of delay times
calculated during the cycle T2.

The CPU 111 determines whether or not the input opera-
tion to end the teleconference has been detected via the input
portion 118 (step S123). When it is determined that the input
operation to end the teleconference has not been detected
(no at step S123), the CPU 111 returns the processing to step
S101. When it is determined that the input operation to end
the teleconference has been detected (yes at step S123), the
CPU 111 ends the device-side third processing.

The device-side fourth processing will be explained with
reference to FIG. 7. The CPU 111 determines whether or not
a second notification packet transmitted from the server 16
has been received (step S131). When it is determined that the
second notification packet has not been received (no at step
S131), the CPU 111 advances the processing to step S137.
When it is determined that the second notification packet has
been received (yes at step S131), the CPU 111 acquires the
device ID and the jitter value that are included in the second
notification packet. The CPU 111 associates the acquired
device ID and the jitter value and stores the associated data
in the table 1142 that is stored in the storage portion 114
(step S135).

The table 1142 will be explained with reference to FIG. 8.
The table 1142 includes the device 1D, the jitter value and a
jitter value for comparison. The device ID and the jitter
value respectively correspond to the device ID and the jitter
value included in the second notification packet. The jitter
value for comparison is used when jitter values are com-
pared at step S17 to be explained later (refer to FIG. 4).

For example, as the communication devices 11 to 13 are
participating in the same teleconference, the CPU 111 of
each of the communication devices 11 to 13 performs the
device-side third processing (refer to FIG. 6) and the first
notification packets are thus transmitted to the server 16
(step S121, refer to FIG. 6). As will be explained in more
detail later, when the server 16 has received the first noti-
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fication packet from each of the communication devices 11
to 13, the server 16 transmits, to each of the communication
devices 11 to 13, the second notification packet that includes
the device ID and the jitter value included in each of the first
notification packets. As a result, the device ID and the jitter
value of each of all the communication devices 11 to 13
participating in the teleconference are stored in the table
1142 in association with each other. Note that there are cases
in which the device ID that is newly stored in the table 1142
by the processing at step S135 (refer to FIG. 7) is already
stored in the table 1142. In this case, the CPU 111 stores the
jitter value that is associated with the already stored device
ID as the jitter value for comparison in the table 1142. Next,
the CPU 111 stores the jitter value to be newly stored in the
table 1142 in association with the device ID to be newly
stored. In other words, the already stored jitter value is
updated by the newly stored jitter value. For example, the
jitter value associated with the device ID 11 is 10 ms and the
jitter value for comparison is 30 ms. This indicates that the
value of the jitter measured by the communication device 11
(the device ID 11) performing the device-side third process-
ing (refer to FIG. 6) has been changed from 30 ms to 10 ms.

As shown in FIG. 7, the CPU 111 determines whether or
not the input operation to end the teleconference has been
detected via the input portion 118 (step S137). When it is
determined that the input operation to end the teleconference
has not been detected (no at step S137), the CPU 111 returns
the processing to step S131. When it is determined that the
input operation to end the teleconference has been detected
(yes at step S137), the CPU 111 ends the device-side fourth
processing.

As shown in FIG. 4, after the CPU 111 starts the device-
side second processing (refer to FIG. 5), the device-side
third processing (refer to FIG. 6) and the device-side fourth
processing (refer to FIG. 7) by the processing at step S13,
the CPU 111 acquires all the jitter values and the jitter values
for comparison stored in the table 1142 (refer to FIG. 8)
stored in the storage portion 114 (step S15). The CPU 111
calculates a difference between the associated jitter value
and the jitter value for comparison for each of the device IDs
stored in the table 1142. When at least one of the calculated
differences is not zero, the CPU 111 determines that at least
one of the jitter values has been changed (yes at step S17).
The CPU 111 performs processing (first setting processing,
refer to FIG. 9) that sets a first provisional time based on the
jitter value stored in the table 1142 (step S19). The first
provisional time is a candidate when a final combined time
is set by processing at step S23 that will be explained later.
After the CPU 111 ends the first setting processing, the CPU
111 advances the processing to step S21. Meanwhile, when
all of the plurality of calculated differences are zero, the
CPU 111 determines that none of the jitter values have been
changed (no at step S17). The CPU 111 advances the
processing to step S21.

It should be noted that, in the above explanation, the CPU
111 may compare each of the plurality of calculated differ-
ences with a predetermined threshold value (10 ms, for
example). In this case, the CPU 111 may determine that at
least one of the jitter values has been changed when at least
one of the calculated differences is larger than the predeter-
mined threshold value. Meanwhile, the CPU 111 may deter-
mine that none of the jitter values have been changed when
none of the calculated differences are larger than the prede-
termined threshold value.

The first setting processing will be explained with refer-
ence to FIG. 9. The CPU 111 refers to the table 1142 (refer
to FIG. 8) and acquires the jitter value that is associated with
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the device ID of the communication device 11 (step S41).
The CPU 111 refers to the table 1142 and acquires the jitter
value associated with the device ID of one of either the
communication device 12 or the communication device 13
(in accordance with an order in which the device IDs are
arranged, or an order in which the device IDs are stored in
the table 1142, for example) (step S43). Based on the two
jitter values acquired by the processing at step S41 and step
S43, the CPU 111 calculates a combined jitter value. The
combined jitter value is calculated, for example, as a square
root of a value obtained by squaring and adding each of the
two jitter values (step S45). Hereinafter, the calculated value
is referred to as combined jitter or as a combined jitter value.
The CPU 111 stores the combined jitter value in the RAM
113 (step S45). The CPU 111 determines whether or not the
jitter values associated with all the device IDs of the
participants in the teleconference have been acquired by the
processing at step S43 (step S47). When it is determined that
the jitter values associated with all of the device IDs have
not been acquired (no at step S47), the CPU 111 returns the
processing to step S43. Among the plurality of jitter values
associated with the device IDs 12 and 13, the CPU 111
acquires the jitter value associated with another device ID
that has not been acquired in the processing at step S43 (step
S43), in an order in which the device IDs are arranged, or in
accordance with a storage order in the table 1142, for
example. The CPU 111 then repeats the processing at step
S45. When it is determined that the jitter values associated
with all the device IDs have been acquired at step S43 (yes
at step S47), the CPU 111 advances the processing to step
S49.

Among the combined jitter values stored in the RAM 113
by the processing at step S45, the CPU 111 selects the largest
combined jitter value (hereinafter referred to as largest jitter
or largest jitter value) (step S49). The CPU 111 determines
a communication state of the network 20 by applying the
selected largest jitter value to the table 1141 (refer to FIG.
10) (step S50). For example, as the communication state, the
CPU 111 determines which range the selected largest jitter
value belongs to, among a plurality of jitter ranges registered
in the table 1141. Based on the table 1141, the CPU 111 sets
the first provisional time that corresponds to the determined
communication state (step S51). The CPU 111 stores the set
first provisional time in the RAM 113. The CPU 111 ends the
first setting processing and returns the processing to the
device-side first processing (refer to FIG. 4).

A method of determining the communication state of the
network 20 and a method of setting the first provisional time
will be explained with reference to the table 1141 shown in
FIG. 10. In the table 1141, a single combined amount and a
single first provisional time are associated with each of the
plurality of jitter ranges that indicate the range of the largest
jitter. The combined amount indicates a number of the pieces
of unit sound data 152. The time of the sound of the unit
sound data 152 is 20 ms, and therefore, the first provisional
times 20 ms (=20 msx1), 40 ms (=20 msx2), 60 ms (=20
msx3), 80 ms (=20 msx4), 100 ms (=20 msx5) and 120 ms
(=20 msx6) are associated with the combined amounts 1, 2,
3, 4, 5 and 6, respectively.

Of the plurality of jitter ranges of the table 1141, the CPU
111 identifies the jitter range that includes the largest jitter
value selected by the processing at step S49 (refer to FIG. 9).
When the identified jitter range is equal to or less than 50 ms,
the CPU 111 determines the communication state of the
network 20 to be a first state (step S50, refer to FIG. 9). The
first state indicates a state of the network 20 that is stable in
comparison to a second state that will be explained later.
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Thus, the first provisional times are set to the combined
times that are equal to or less than 100 ms (20 to 100 ms) that
correspond to each of the jitter ranges (step S51, refer to
FIG. 9). On the other hand, when the identified jitter range
is larger than 50 ms, the CPU 111 determines the state of the
network 20 to be the second state (step S50). The second
state indicates a state of the network 20 that is unstable in
comparison to the first state described above. Thus, the first
provisional time is set to the maximum combined time of
120 ms in the table 1141 (step S51).

Note that in the present embodiment, an example is shown
in which, the first state and the second state are determined
in accordance with the largest jitter value when the threshold
value is 50 ms. However, the present disclosure is not
limited to the case in which the threshold value is 50 ms. The
threshold value that is used when determining the first state
and the second state may be a selected value. For example,
the threshold value may be any one of 10 ms, 20 ms, 30 ms
and 40 ms, which are the respective lower limit values of
each of the plurality of jitter ranges in the table 1141. For
example, when the threshold value is 40 ms, the first state
may be determined when the largest jitter value is equal to
or less than 40 ms (step S50), and the first provisional times
corresponding to each of the jitter ranges equal to or less
than 40 ms may be set (step S51). On the other hand, the
second state may be determined when the largest jitter value
is larger than 40 ms (step S50), and the first provisional time
may be set to 100 ms.

As shown in FIG. 4, the CPU 111 performs processing
(second setting processing, refer to FIG. 11) that sets a
second provisional time based on a category of data included
in the communication packet 153 that is transmitted during
the teleconference (step S21). Similarly to the first provi-
sional time that is set by the first setting processing (refer to
FIG. 9), the second provisional time is a candidate when the
combined time is finally set by processing at step S23 that
will be explained later.

The second setting processing will be explained with
reference to FIG. 11. The CPU 111 determines whether or
not an operation to share the shared document between the
communication device 11 and the communication devices
12 and 13 that are participating in the teleconference has
been detected via the input portion 118 (step S61). When it
is determined that the operation to share the shared docu-
ment has been detected, the CPU 111 transmits a shared
document packet, which includes data of the shared docu-
ment, to the server 16. Note that when the CPU 161 of the
server 16 receives the shared document packet that is
transmitted from the communication device 11, the CPU 161
identifies the conference 1D of the teleconference in which
the communication device 11 that has transmitted the shared
document packet is participating, based on a management
table. The CPU 161 identifies, as the device IDs of the
communication devices 11, 12 and 13 that are participating
in the shared teleconference, the device IDs 11, 12 and 13
that are associated with the same conference ID as the
conference 1D identified in the management table. Among
the identified device IDs 11, 12 and 13, the CPU 161
transmits the received shared document packet to the com-
munication devices 12 and 13 that have the device IDs 12
and 13 other than the device ID 11 of the communication
device 11, which has originally transmitted the shared docu-
ment packet. When the CPU 111 of each of the communi-
cation devices 12 and 13 receives the shared document
packet transmitted from the server 16, the CPU 111 displays
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the shared document on the display 116, based on data of the
shared document included in the received shared document
packet.

Further, when the CPU 111 of the communication device
11 detects the operation to share the shared document, the
transmission of the shared document packet is started and
thus the CPU 111 of the communication device 11 deter-
mines that a state is obtained in which the shared document
packet is being transmitted (yes at step S61). The CPU 111
determines the communication state of the network 20 to be
the second state (step S66). This is because the size of the
shared document data included in the shared document
packet is larger than the size of the data included in the other
communication packets 153, and when the shared document
packet is transmitted, there is a high possibility that the state
of the network 20 may become unstable. The CPU 111 sets
the second provisional time to 120 ms, which is the maxi-
mum combined time in the table 1141 (refer to FIG. 10) (step
S67). The CPU 111 stores the set second provisional time in
the RAM 113. The CPU 111 ends the second setting pro-
cessing and returns the processing to the device-side first
processing (refer to FIG. 4).

When the CPU 111 does not detect the operation to share
the shared document data, the CPU 111 determines that a
state is obtained in which the shared document packet is not
being transmitted (no at step S61). Next, the CPU 111 refers
to the RAM 113 and determines whether or not a setting is
stored that allows the server 16 to transmit the video
captured by the camera 115 to the communication devices
12 and 13 (step S63). Note that that the settings that allow
or prohibit the server 16 from transmitting the video cap-
tured by the camera 115 to the communication devices 12
and 13 are received via the input portion 118 and stored in
the RAM 113. When it is determined that an operation to
allow the server 16 to transmit the video to the communi-
cation devices 12 and 13 has been detected, the CPU 111
compresses data of the video captured by the camera 115 and
sequentially generates frames of video that is compressed
using intra-frame compression and frames of video that is
compressed using inter-frame compression. The frame of
video compressed using intra-frame compression includes
data in which only video data inside a frame is compressed.
The frame of video compressed using inter-frame compres-
sion includes data of a difference between previous and
following frames. Hereinafter, the video compressed using
intra-frame compression is referred to as intra-frame com-
pressed video and the video compressed using inter-frame
compression is referred to as inter-frame compressed video.
A compression ratio when generating the inter-frame com-
pressed video is larger than a compression ratio when
generating the intra-frame compressed video, and thus, the
size of the intra-frame compressed video is larger than the
size of the inter-frame compressed video.

The CPU 111 generates the intra-frame compressed video
or the inter-frame compressed video. The CPU 111 generates
a video packet that includes a type of the video as a header
and transmits the video packet to the server 16. Note that
when the CPU 161 of the server 16 receives the video packet
transmitted from the communication device 11, the CPU 161
identifies the conference 1D of the teleconference in which
the communication device 11 is participating, based on the
management table. The CPU 161 identifies, as the device
IDs of the communication devices 11, 12 and 13 participat-
ing in the shared teleconference, the device IDs 11, 12 and
13 that are associated with the same conference ID as the
conference 1D identified in the management table. Of the
identified device IDs 11, 12 and 13, the CPU 161 transmits
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the received video packet to the communication devices 12
and 13 that have the device IDs 12 and 13 other than the
device ID 11 of the communication device 11, which has
originally transmitted the video packet. When the CPU 111
of each of the communication devices 12 and 13 receives the
video packet transmitted from the server 16, the CPU 111
displays the video captured by the camera 115 on the display
116, based on the data of the intra-frame compressed video
or of the inter-frame compressed video included in the
received video packet.

In addition, when the setting that allows the transmission
from the server 16 to the communication devices 12 and 13
is stored, the transmission of the video packet is started, and
thus the CPU 111 of the communication device 11 deter-
mines that a state is obtained in which the video packet is
being transmitted (yes at step S63). The CPU 111 acquires,
from the header of the video packet, the type of the video
(the intra-frame compressed video or the inter-frame com-
pressed video) included in the video packet being transmit-
ted. The CPU 111 determines whether or not the acquired
type is the intra-frame compressed video (step S65). When
the CPU 111 determines that the acquired type is the
intra-frame compressed video (yes at step S65), the CPU 111
determines the communication state of the network 20 to be
the second state (step S66). This is because the size of the
intra-frame compressed video is larger than the size of data
included in the other communication packets 153, and when
the video packet including the intra-frame compressed video
data is transmitted, there is a high possibility that the state
of the network 20 may become unstable. The CPU 111 sets
the second provisional time to 120 ms, which is the maxi-
mum combined time in the table 1141 (step S67). The CPU
111 stores the set second provisional time in the RAM 113.
The CPU 111 ends the second setting processing and returns
the processing to the device-side first processing (refer to
FIG. 4).

On the other hand, when the CPU 111 determines that the
video packet is not being transmitted (no at step S63), or
determines that the type of the video acquired from the OS
is the inter-frame compressed video (no at step S65), the
CPU 111 determines the communication state of the network
20 to be the first state (step S68). This is because when
neither the shared document packet nor the video packet is
being transmitted, or when the video packet that includes the
inter-frame compressed video data is being transmitted, the
size of the data being transmitted is smaller than the size of
the data of the shared document packet or the video packet
that includes the intra-frame compressed video data, and
thus there is a high possibility that the state of the network
20 is stable. The CPU 111 reads, from the RAM 113, the
combined time that is repeatedly set by the processing at step
S23 (refer to FIG. 4) that will be explained later, and sets the
read combined time as the second provisional time (step
S69). The CPU 111 stores the set second provisional time in
the RAM 113. The CPU 111 ends the second setting pro-
cessing and returns the processing to the device-side first
processing (refer to FIG. 4).

As shown in FIG. 4, after the second setting processing
(step S21) is ended, the CPU 111 reads the first provisional
time set by the first setting processing (step S19) and the
second provisional time set by the second setting processing
(step S21) from the RAM 113. Of the read first provisional
and second provisional times, the CPU 111 finally sets the
largest value as the combined time (step S23). The CPU 111
stores the set combined time in the RAM 113. It should be
noted that when the first setting processing is not performed
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(when it is no at step S17), the second provisional time
stored in the RAM 113 is finally set as the combined time.

The CPU 111 determines whether or not the unit sound
data 152 corresponding to the combined time stored in the
RAM 113 is stored in the second storage portion 15B (refer
to FIG. 2) (step S25). When it is determined that the unit
sound data 152 corresponding to the combined time is not
stored in the second storage portion 15B (no at step S25), the
CPU 111 advances the processing to step S31. When it is
determined that the unit sound data 152 corresponding to the
combined time is stored in the second storage portion 15B
(yes at step S25), the CPU 111 generates the communication
packet 153 that includes the unit sound data 152 correspond-
ing to the combined time (step S27). Specifically, the CPU
111 generates the communication packet 153 that includes a
piece of the unit sound data 152 when the combined time set
by the processing at step S23 is 20 ms. Similarly, the CPU
111 generates the communication packet 153 that includes
two pieces of the unit sound data 152 when the combined
time is 40 ms, the communication packet 153 that includes
three pieces of the unit sound data 152 when the combined
time is 60 ms, the communication packet 153 that includes
four pieces of the unit sound data 152 when the combined
time is 80 ms, the communication packet 153 that includes
five pieces of the unit sound data 152 when the combined
time is 100 ms, and the communication packet 153 that
includes six pieces of the unit sound data 152 when the
combined time is 120 ms. The CPU 111 transmits the
generated communication packet 153 to the server 16 via the
network 20 (step S29). Note that when the server 16 receives
the communication packet 153 transmitted from the com-
munication device 11, the server 16 transmits the commu-
nication packet 153 to the communication devices 12 and
13. Thus, by the processing at step S29, the CPU 111
transmits the communication packet 153 to the communi-
cation devices 12 and 13 via the server 16.

It should be noted that the CPU 111 generates the unit
sound data 152 corresponding to 20 msxN at a 20 msxN
cycle, and stores the generated unit sound data 152 in the
second storage portion 15B. Thus, when the CPU 111 sets
the combined time to 20 msxN and determines that the unit
sound data 152 corresponding to 20 msxN are stored in the
second storage portion 15B (yes at step S25), the cycle is
also set to 20 msxN, which is a time period during which the
sampling data corresponding to 20 msxN are stored in the
first storage portion 15A. As a result, the CPU 111 transmits
the communication packet 153 generated at step S27 to the
server 16 at a cycle corresponding to the combined time.

The CPU 111 determines whether or not an input opera-
tion to end the teleconference has been detected via the input
portion 118 (step S31). When it is determined that the input
operation to end the teleconference has not been detected
(no at step S31), the CPU 111 returns the processing to step
S15. When it is determined that the input operation to end
the teleconference has been detected (yes at step S31), the
CPU 111 ends the device-side first processing.

The server-side first processing and the server-side second
processing that are performed by the CPU 161 of the server
16 will be explained with reference to FIG. 12 and FIG. 13.
When the CPU 161 has received access to a URL corre-
sponding to a specific conference room from at least one of
the communication devices 15, the CPU 161 establishes a
session corresponding to the specific conference room with
the at least one communication device 15. When the session
has been established, the server-side first processing and the
server-side second processing are started by the CPU 161
executing programs stored in the storage portion 164. The
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server-side first processing and the server-side second pro-
cessing are performed for each session corresponding to a
conference room. The server-side first processing and the
server-side second processing corresponding to the specific
session are performed in parallel to the server-side first
processing and the server-side second processing corre-
sponding to another session. Further, the server-side first
processing and the server-side second processing corre-
sponding to the specific session are also performed in
parallel with each other.

The server-side first processing will be explained with
reference to FIG. 12. The CPU 161 determines whether or
not the measurement packet transmitted from the commu-
nication device 15 has been received (step S151). When it is
determined that the measurement packet has not been
received (no at step S151), the CPU 161 advances the
processing to step S155. When it is determined that the
measurement packet has been received (yes at step S151),
the CPU 161 returns the received measurement packet to the
communication device 15 that transmitted the measurement
packet (step S153). The CPU 161 advances the processing to
step S155. Note that the CPU 111 of the communication
device 15 calculates the jitter by transmitting the measure-
ment packet to the server 16 and receiving the measurement
packet from the server 16 in the device-side third processing
(refer to FIG. 6) (step S119, refer to FIG. 6).

The CPU 161 determines whether or not the session that
has been established with respect to the specific conference
room has ended (step S155). When it is determined that the
session corresponding to the specific conference room is
continuing to be established (no at step S155), the CPU 161
returns the processing to step S151. When it is determined
that the session that has been established with respect to the
specific conference room has ended (yes at step S155), the
CPU 161 ends the server-side first processing.

The server-side second processing will be explained with
reference to FIG. 13. The CPU 161 determines whether or
not the first notification packet transmitted from the com-
munication device 15 has been received (step S171). When
it is determined that the first notification packet has not been
received (no at step S171), the CPU 161 advances the
processing to step S175. When it is determined that the first
notification packet has been received (yes at step S171), the
CPU 161 acquires the device ID and the jitter value that are
included in the received first notification packet. The CPU
161 generates the second notification packet that includes
the acquired ID and jitter value. Based on the management
table, the CPU 161 identifies the conference ID of the
teleconference in which the communication device 15 that
transmitted the first notification packet is participating. The
CPU 161 identifies the device IDs associated with the same
conference ID as the conference ID identified in the man-
agement table, as the device IDs of the communication
devices 15 that are participating in the shared teleconfer-
ence. The CPU 161 transmits the generated second notifi-
cation packet to the communication devices 15 having the
identified device IDs (step S173). The CPU 161 advances
the processing to step S175. Note that the CPU 111 of the
communication device 15 receives the second notification
packet from the server 16 in the device-side fourth process-
ing (refer to FIG. 7) and stores the device ID and the jitter
value in association with each other in the table 1142 (step
S135, refer to FIG. 7).

The CPU 161 determines whether or not the session
established with respect to the specific conference room has
ended (step S175). When it is determined that the session
corresponding to the specific conference room is continuing
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to be established (no at step S175), the CPU 161 returns the
processing to step S171. When it is determined that the
session established for the specific conference room has
ended (yes at step S175), the CPU 161 ends the server-side
second processing.

As explained above, the CPU 111 of the communication
device 11 sets the first provisional time and the second
provisional time in accordance with whether the communi-
cation state is the first state or the second state (step S19, step
S21) and sets the combined time (step S23). The combined
time is a time period of sound in sound data that is included
in the communication packet 153, and is also a transmission
cycle of the communication packet 153. By setting the
combined time in accordance with the communication state,
the CPU 111 can adjust the transmission cycle when trans-
mitting the communication packet 153 to the communica-
tion devices 12 and 13 participating in the teleconference.
The longer the cycle at which the communication packet 153
is transmitted from the communication device 11 to the
communication devices 12 and 13, the higher the possibility
that jitter will be low. The lower the jitter, the more favorable
the quality of the sound output from the communication
devices 12 and 13 based on the sound data. Thus, by the
CPU 111 setting the combined time in accordance with the
communication state and optimizing jitter performance, it is
possible to suppress deterioration in communication quality
in the teleconference.

The CPU 111 of the communication device 11 finally
determines, as the combined time, the larger of the set first
provisional time and second provisional time (step S23). In
other words, of the first provisional time and the second
provisional time that are set using different methods, the
CPU 111 sets as the combined time, the time that provides
a greater jitter suppression effect. As a result, the CPU 111
can appropriately suppress deterioration in the communica-
tion quality of the teleconference.

The CPU 111 of the communication device 11 calculates,
as the jitter value (step S119), a degree of variation in the
time from transmitting the measurement packet to the server
16 (step S105) to then receiving the measurement packet
that is returned from the server 16 (step S107). The CPU 111
of the communication device 11 acquires the jitter values
that are calculated, respectively, by each of the communi-
cation devices 11, 12 and 13 participating in the teleconfer-
ence (step S131 and step S133), and calculates a plurality of
combined jitter values (step S45). The CPU 111 determines
the communication state based on the largest jitter value
among the calculated plurality of combined jitter values
(step S50) and sets the first provisional time (step S51).
Based on the first provisional time and the second provi-
sional time, the CPU 111 finally sets the combined time (step
S23). The CPU 111 transmits the communication packet 153
at the cycle corresponding to the set combined time (step
S29).

In the table 1141 that is used when the CPU 111 sets the
first provisional time, the larger the largest jitter value is, the
larger the value of the combined time that is associated with
it. In other words, the larger the largest jitter value is, the
larger the value of the combined time that is determined as
the first provisional time. The longer the transmission cycle
of the communication packet 153 that is transmitted from
the communication device 11, the higher the possibility that
jitter will be low. In response to this, by the above-described
processing, the CPU 111 can lengthen the combined time the
larger the largest jitter value is, and thus lengthen the
transmission cycle of the communication packet 153. As a
result, the CPU 111 can effectively suppress jitter by length-
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ening the transmission cycle of the communication packet
153 the larger the largest jitter value is. In this manner, the
CPU 111 can effectively suppress deterioration in the com-
munication quality of the teleconference.

Further, in the above-described processing, the CPU 111
determines the communication state based on the largest
jitter value among the plurality of calculated combined jitter
values (step S50) and sets the first provisional time (step
S51). When the first provisional time is finally set as the
combined time, of the communication devices 12 and 13
participating in the teleconference, the jitter performance is
optimized with whichever of the communication devices 12
and 13 the communication state is more unstable. Thus, the
CPU 111 can effectively suppress deterioration in the com-
munication quality with all of the communication devices 12
and 13 that are participating in the teleconference.

When the shared document packet is transmitted from the
communication device 11, the size of the data included in the
shared document packet is large and thus there is a high
possibility that jitter will increase. In response to this, when
it is determined that the shared document packet is being
transmitted (yes at step S61), the CPU 111 can suppress jitter
by setting the second provisional time to the largest value
(120 ms) (step S67), thus lengthening the transmission cycle
of the shared document packet. In this manner, the CPU 111
can suppress deterioration in the communication quality of
the teleconference even when the communication state of
the network 20 is unstable as a result of the transmission of
the shared document packet.

When the video packet that includes the intra-frame
compressed video data is transmitted from the communica-
tion device 11, the size of the data included in the video
packet is large and thus there is a high possibility that jitter
will increase. In response to this, when it is determined that
the video packet including the intra-frame compressed video
data is being transmitted (yes at step S65), the CPU 111 can
suppress jitter by setting the second provisional time to the
largest value (120 ms) (step S67), thus lengthening the
transmission cycle of the video packet. In this manner, the
CPU 111 can suppress deterioration in the communication
quality of the teleconference even when the communication
state of the network 20 is unstable due to the transmission of
the video packet that includes the intra-frame compressed
video data.

When the sampling data of 20 ms of sound is stored in the
first storage portion 15A, the CPU 111 generates the unit
sound data 152 by compressing the sampling data (step
S87). As described above, the generation cycle of the unit
sound data 152 is the same as the time period of 20 ms when
the sampling data corresponding to 20 ms is stored in the
first storage portion 15A. Further, the CPU 111 sets, as the
combined time, one of the times of 20 ms, 40 ms, 60 ms, 80
ms, 100 ms and 120 ms (step S19, step S21, step S23). As
a result, the communication packet 153 is transmitted from
the communication device 11 at the cycle corresponding to
the combined time (step S29), and is thus transmitted at the
cycle 20 msxN, which is an integral multiple of the gen-
eration cycle 20 ms of the unit sound data 152. The CPU 111
can therefore transmit the communication packet 153 that
includes the unit sound data 152 corresponding to the
combined time 20 msxN, at a timing at which the sampling
data corresponding to the combined time 20 msxN is stored
in the first storage portion 15A. The CPU 111 can therefore
efficiently generate the unit sound data 152 from the sam-
pling data and can transmit the communication packet 153
that includes the unit sound data 152 corresponding to the
combined time without any delay.
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The present disclosure is not limited to the above-de-
scribed embodiment, and various modifications are possible.
In the above-described embodiment, the unit sound data 152
is generated by compressing the sampling data (step S87),
and next, the communication packet 153 that includes the
number of pieces of unit sound data 152 corresponding to
the set combined time is generated (step S27). In contrast to
this, compressed data that is obtained by compressing the
sampling data corresponding to the set combined time may
be included in the communication packet 153. This will be
explained as follows. After determining the combined time
using the same method as in the above-described embodi-
ment, in the device-side second processing (refer to FIG. 5),
the CPU 111 of the communication device 11 may determine
whether the sampling data corresponding to the combined
time is stored in the first storage portion 15A (step S83).
When it is determined that the sampling data corresponding
to the combined time is stored in the first storage portion
15A (yes at step S83), the CPU 111 may acquire the
sampling data corresponding to the combined time (step
S85). The CPU 111 may compress the acquired sampling
data corresponding to the combined time and may thereby
generate sound data (step S87). The CPU 111 may store the
generated sound data in the second storage portion 15B (step
S89). In this case, at step S25 of the device-side first
processing (refer to FIG. 4), the CPU 111 may always
determine that the sound data corresponding to the com-
bined time is stored in the second storage portion 15B (yes
at step S25). The CPU 111 may generate the communication
packet 153 that includes the sound data corresponding to the
combined time (step S27) and may transmit the communi-
cation packet 153 at the cycle corresponding to the com-
bined time (step S29).

In the device-side first processing (refer to FIG. 4), the
CPU 111 of the communication device 11 finally sets, as the
combined time, the largest value among the first provisional
time and the second provisional time, by performing the
processing at step S23. In contrast to this, the CPU 111 may
finally set the first provisional time as the combined time, or
may finally set the second provisional time as the combined
time. Further, the CPU 111 may switch whether to set the
first provisional time or the second provisional time as the
combined time depending on settings. When the processing
at step S29 is performed, the CPU 111 may measure the
cycle of the combined time set at step S23, and may thus
determine the transmission timing of the communication
packet 153. When it is determined that the transmission
timing has been reached, the CPU 111 may transmit, to the
server 16, the communication packet 153 that is generated
by the processing at step S27.

In the first setting processing (refer to FIG. 9), the CPU
111 of the communication device 11 calculated the plurality
of combined jitter values, based on the jitter value measured
by the communication device 11 and the plurality of jitter
values measured by the communication devices 12 and 13,
respectively (step S45). The CPU 111 applies the largest
jitter value among the plurality of calculated combined jitter
values to the table 1141, determines the communication state
and sets the first provisional time (step S50, step S51). In
contrast to this, the CPU 111 may select, as the largest jitter
value, the largest jitter value among the plurality of jitter
values measured by each of the communication devices 11
to 13, and may thus determine the communication state and
set the first provisional time. Alternatively, the CPU 111 may
apply the jitter value measured by the communication device
11 to the table 1141 and may thus determine the communi-
cation state and set the first provisional time. The CPU 111
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may set the first provisional time using, in place of the table
1141, a predetermined relational expression that indicates a
relationship between the jitter and the combined time.

In the second setting processing (refer to FIG. 11), the
CPU 111 of the communication device 11 determines the
communication state in accordance with the transmission
state of the shared document packet and the video packet,
and in accordance with the type of the video included in the
video packet, and sets the second provisional time. In
contrast to this, the CPU 111 may acquire the size of the data
included in the communication packet 153 and may deter-
mine the communication state and set the second provisional
time in accordance with the acquired size of the data. For
example, the CPU 111 may determine that the communica-
tion state is the first state and set 20 ms as the second
provisional time when the acquired size of the data is smaller
than a predetermined threshold value, and the CPU 111 may
determine that the communication state is the second state
and set 120 ms as the second provisional time when the
acquired size of the data is equal to or larger than the
predetermined threshold value.

In the device-side second processing (refer to FIG. 5), the
CPU 111 generates the unit sound data 152 by compressing
the sampling data of sound corresponding to 20 ms, by
performing the processing at step S87. In contrast to this, the
CPU 111 may generate the unit sound data 152 by com-
pressing the sampling data of sound corresponding to a
predetermined period of time that is other than 20 ms. A
minimum period of time that can be set as the combined time
is not limited to 20 ms, and it may be another selected period
of time. The period of time of the sound of the unit sound
data 152 may be different to the minimum period of time that
can be set as the combined time. The first storage portion
15A and the second storage portion 15B may be provided in
a storage device other than the RAM 113.

In the device-side third processing (refer to FIG. 6), the
CPU 111 calculates the delay time based on the time t1 when
the measurement packet is transmitted to the server 16 and
the time t2 when the measurement packet is received from
the server 16. A transmission time when the measurement
packet is transmitted from the communication device 11 to
the server 16, and a transmission time when the measure-
ment packet is transmitted from the server 16 to the com-
munication device 11 are included in this delay time. In
contrast to this, the CPU 111 may acquire, as the delay time,
the transmission time when the measurement packet is
transmitted from the communication device 11 to the server
16, or the transmission time when the measurement packet
is transmitted from the server 16 to the communication
device 11. The CPU 111 may transmit the measurement
packet that is addressed to the communication devices 12
and 13 participating in the teleconference to the server 16.
When the CPU 161 of the server 16 receives the measure-
ment packet transmitted from the communication device 11,
the CPU 161 may forward the received measurement packet
to each of the communication devices 12 and 13. When the
CPU 111 of each of the communication devices 12 and 13
receives the measurement packet from the server 16, the
CPU 111 may return the measurement packet to the server
16. When the CPU 161 of the server 16 receives the
measurement packets from the communication devices 12
and 13, the CPU 161 may forward the received measurement
packets to the communication device 11. When the CPU 111
of the communication device 11 receives the measurement
packet transmitted from the server 16, the CPU 111 may
calculate the delay time based on a time at which the CPU
111 transmitted the measurement packet and a time at which
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the CPU 111 received the measurement packet. The CPU
111 may transmit, in order, a plurality of measurement
packets that include a plurality of data of differing sizes. The
CPU 111 may calculate, as jitter, an average value in place
of the standard deviation.

For example, when the CPU 111 of the communication
device 11 starts the device-side first processing, the CPU 111
may cause a screen, on which an email address and a
password can be input, to be displayed on the display 116.
When an operation to input the email address and the
password is detected via the input portion 118, the CPU 111
may identify at least one teleconference in which the user
corresponding to the input email address and password can
participate. The CPU 111 may cause a screen, on which the
identified at least one teleconference can be selected, to be
displayed on the display 116. In this way, the user can
participate in a selected teleconference by selecting one of
the at least one teleconferences displayed on the display 116.

Further, the CPU 111 may transmit the input email address
and password to the server 16. The CPU 161 of the server
16 may authenticate the user using the received email
address and password. When the authentication is success-
ful, the CPU 161 may identify the at least one teleconference
in which the user can participate, and may transmit the
conference ID of the identified at least one teleconference to
the communication device 15. Based on the conference ID
received from the server 16, the CPU 111 of the communi-
cation device 15 may identify the at least one teleconference
in which the user corresponding to the input email address
and password can participate.

The CPU 111 may transmit, to the server 16, a request
packet that includes the device ID of the communication
device 11 and the conference ID of the teleconference
selected by the user. When the CPU 161 of the server 16
receives the request packet, the CPU 161 may associate the
device ID and the conference ID included in the request
packet with each other and may store the associated data in
a management table stored in the storage portion 164.

In the processing at step S11, the CPU 111 may determine
whether or not the input operation to select the at least one
teleconference has been detected via the input portion 118.
When the input operation to select the teleconference has
been detected (yes at step S11), the CPU 111 may start the
selected teleconference.

The apparatus and methods described above with refer-
ence to the various embodiments are merely examples. It
goes without saying that they are not confined to the
depicted embodiments. While various features have been
described in conjunction with the examples outlined above,
various alternatives, modifications, variations, and/or
improvements of those features and/or examples may be
possible. Accordingly, the examples, as set forth above, are
intended to be illustrative. Various changes may be made
without departing from the broad spirit and scope of the
underlying principles.

What is claimed is:

1. A non-transitory computer-readable medium storing
computer-readable instructions, the instructions, when
executed by a processor of a communication device config-
ured to connect a network, performing processes compris-
ing:

a first judgment operation judging whether sampling data
of sound for a period of time equal to or greater than a
predetermined period of time is stored in a first storage
portion;

a first generation operation sequentially generating, in
response to the first judgment operation judging that the
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sampling data of sound for the period of time equal to
or greater than the predetermined period of time is
stored in the first storage portion, unit sound data by
sequentially compressing the sampling data in the first
storage portion for the predetermined period of time in
an order of storage in the first storage portion;

a storage operation storing the unit sound data in a second
storage portion;

a determination operation determining whether a commu-
nication state of the network is one of a first state and
a second state different from the first state based on at
least one of transmission data transmitted to the net-
work and reception data received from the network;

a setting operation setting a combined time corresponding
to a length of time of sound in sound data included in
a single packet, the combined time being one of:

a first period of time when the determination operation
determines that the communication state is the first
state; and

a second period of time longer than the first period of
time when the determination operation determines
that the communication state is the second state;

a second judgment operation judging whether the unit
sound data for a period of time equal to or greater than
the combined time is stored in the second storage
portion;

a second generation operation generating the packet
including the unit sound data for the combined time in
response to the second judgment operation judging that
the unit sound data for the period of time equal to or
greater than the combined time is stored in the second
storage portion; and

a transmission operation transmitting, to at least one
counterpart device at a cycle corresponding to the
combined time, the packet generated by the second
generation operation.

2. The non-transitory computer-readable medium accord-
ing to claim 1, wherein the instructions, when executed by
the processor of the communication device, perform the
processes further comprising a measurement operation mea-
suring first jitter, the first jitter indicating a degree of
variation in at least one of a first delay time and a second
delay time, the first delay time being from when the trans-
mission data is transmitted to a conference server to when
the transmission data is received by the conference server,
and a second delay time being from when the reception data
is transmitted by the conference server to when the reception
data is received by the communication device, the confer-
ence server connected to the network and conducting a
teleconference among the communication device and a
plurality of the counterpart devices, and wherein

the determination operation determines that the commu-
nication state is the first state when the first jitter is a
first value, and determines that the communication state
is the second state when the first jitter is a second value
greater than the first value.

3. The non-transitory computer-readable medium accord-
ing to claim 2, wherein the instructions, when executed by
the processor of the communication device, perform the
processes further comprising an acquisition operation
acquiring a plurality of second jitter indicating a degree of
variation in at least one of a plurality of third delay times and
a plurality of fourth delay times, each of the third delay times
being from when each of the plurality of counterpart devices
transmits the transmission data to the conference server to
when the conference server receives the transmission data,
and each of the fourth delay times being from when the
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reception data is transmitted by the conference server to
when the reception data is received by each of the plurality
of counterpart devices, and wherein

the determination operation determines that the commu-

nication state is the first state when a largest jitter, from
among the first jitter and the second jitter, is a first
value, and determines that the communication state is
the second state when the largest jitter is a second value
that is larger than the first value.

4. The non-transitory computer-readable medium accord-
ing to claim 3, wherein

the largest jitter is selected from among a plurality of

combined jitter, each of the combined jitter being
defined by combining the first jitter and one of the
plurality of the second jitter.

5. The non-transitory computer-readable medium accord-
ing to claim 1, wherein the instructions, when executed by
the processor of the communication device, perform the
processes further comprising a third judgment operation
judging whether document data is being transmitted to at
least one of the counterpart devices, the document data
indicating a document to be shared in a teleconference, and
wherein

the determination operation determines that the commu-

nication state is the first state in response to the third
judgment operation judging that the document data is
not being transmitted, and determines that the commu-
nication state is the second state in response to the third
judgment operation judging that the document data is
being transmitted.

6. The non-transitory computer-readable medium accord-
ing to claim 1, wherein the instructions, when executed by
the processor of the communication device, perform the
processes further comprising a third judgment operation
judging whether intra-frame compressed image data is being
transmitted to at least one of the counterpart devices in a
teleconference, and wherein

the determination operation determines that the commu-

nication state is the first state in response to the third
judgment operation judging that the intra-frame com-
pressed image data is not being transmitted, and deter-
mines that the communication state is the second state
in response to the third judgment operation judging that
the intra-frame compressed image data is being trans-
mitted.

7. The non-transitory computer-readable medium accord-
ing to claim 1, wherein

the first generation operation generates the unit sound data

at a first cycle, and wherein

the transmission operation transmits the packet at one of

a plurality of second cycles that are each an integral
multiple of the first cycle.

8. The non-transitory computer-readable medium accord-
ing to claim 1, wherein the instructions, when executed by
the processor of the communication device, perform the
processes further comprising a third judgment operation
judging whether the communication state has changed,
wherein

the determination operation determines that the commu-

nication state is one of the first state and the second
state in response to the third judgment operation judg-
ing that the communication state has changed.

9. A non-transitory computer-readable medium storing
computer-readable instructions, the instructions, when
executed by a processor of a communication device, per-
forming processes comprising:
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a determination operation determining whether a commu-
nication state with a conference server via a network is
one of a first state and a second state different from the
first state based on at least one of transmission data
transmitted by the communication device to the con-
ference server and reception data received by the
communication device from the conference server;

a setting operation setting a first period of time as a
combined time in response to the determination opera-
tion determining that the communication state is the
first state, and setting, as the combined time, a second
period of time that is longer than the first period of time
in response to the determination operation determining
that the communication state is the second state;

a first generation operation generating, from sampling
data of sound stored in a first storage portion, sound
data for the combined time, by sequentially compress-
ing the sampling data for the combined time in an order
of storage in the first storage portion;

a second generation operation generating a packet includ-
ing the sound data; and

a transmission operation transmitting the packet to the
conference server at a cycle corresponding to the
combined time.

10. The non-transitory computer-readable medium

according to claim 9, wherein

the first generation operation comprises:

a third generation operation sequentially generating
unit sound data by sequentially compressing the
sampling data for the predetermined period of time
in the order of storage of the sampling data in the first
storage portion, the unit sound data being obtained
by compressing the sampling data for a predeter-
mined period of time equal to or less than the
combined time; and

a storage operation storing the unit sound data gener-
ated by the third generation operation in the second
storage portion, wherein

the instructions, when executed by the processor of the
communication device, perform the processes further
comprising a judgment operation judging whether the
unit sound data for a period of time equal to or greater
than the combined time is stored in a second storage
portion, and wherein

the second generation operation generates a packet
including the unit sound data for the combined time in
response to the judgment operation judging that the unit
sound data for the period of time equal to or greater
than the combined time is stored in the second storage
portion.

11. A communication device capable of communication
with a plurality of counterpart devices via a network, the
communication device comprising:

a processor; and

a memory storing computer-readable instructions, the
instructions, when executed by the processor, perform-
ing processes comprising:

a first judgment operation judging whether sampling
data of sound for a period of time equal to or greater
than a predetermined period of time is stored in a first
storage portion;

a first generation operation sequentially generating, in
response to the first judgment operation judging that
the sampling data of sound for the first period of time
equal to or greater than the predetermined period of
time is stored in the first storage portion, unit sound
data by sequentially compressing the sampling data
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in the first storage portion for the predetermined

period of time in an order of storage in the first

storage portion;

a storage operation storing the unit sound data in a
second storage portion;

a determination operation determining whether a com-
munication state of the network is one of a first state
and a second state different from the first state, based
on at least one of transmission data that is transmit-
ted to the network and reception data received from
the network;

a setting operation setting a combined time correspond-
ing to a length of time of sound in sound data
included in a single packet, the combined time being
one of:

a first period of time when the determination opera-
tion determines that the communication state is the
first state; and

a second period of time longer than the first period of
time when the determination operation determines
that the communication state is the second state;

a second judgment operation judging whether the unit
sound data for a period of time equal to or greater
than the combined time is stored in the second
storage portion;

a second generation operation generating the packet
including the unit sound data for the combined time
in response to the second judgment operation judg-
ing that the unit sound data for the period of time
equal to or greater than the combined time is stored
in the second storage portion; and

a transmission operation transmitting, to at least one
counterpart device at a cycle corresponding to the
combined time, the packet generated by the second
generation operation.

12. The communication device according to claim 11,
wherein the instructions, when executed by the processor,
perform the processes further comprising a measurement
operation measuring first jitter, the first jitter indicating a
degree of variation in at least one of a first delay time and
a second delay time, the first delay time being from when the
transmission data is transmitted to a conference server to
when the transmission data is received by the conference
server, and a second delay time being from when the
reception data is transmitted by the conference server to
when the reception data is received by the communication
device, the conference server connected to the network and
conducting a teleconference among the communication
device and a plurality of the counterpart devices, and
wherein

the determination operation determines that the commu-

nication state is the first state when the first jitter is a

first value, and determines that the communication state

is the second state when the first jitter is a second value
greater than the first value.

13. The communication device according to claim 12,
wherein the instructions, when executed by the processor,
perform the processes further comprising:

an acquisition operation acquiring a plurality of second

jitter indicating a degree of variation in at least one of

a plurality of third delay times and a plurality of fourth

delay times, each of the third delay times being from

when each of the plurality of counterpart devices
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transmits the transmission data to the conference server
to when the conference server receives the transmission
data, and each of the fourth delay times being from
when the reception data is transmitted by the confer-
ence server to when the reception data is received by
each of the plurality of counterpart devices, and
wherein

the determination operation determines that the commu-

nication state is the first state when a largest jitter, from
among the first jitter and the second jitter, is a first
value, and determines that the communication state is
the second state when the largest jitter is a second value
that is larger than the first value.

14. The communication device according to claim 13,
wherein

the largest jitter is selected from among a plurality of

combined jitter, each of the combined jitter being
defined by combining the first jitter and one of the
plurality of the second jitter.

15. The communication device according to claim 11,
wherein the instructions, when executed by the processor,
perform the processes further comprising a third judgment
operation judging whether document data is being transmit-
ted to at least one of the counterpart devices; and wherein

the determination operation determines that the commu-

nication state is the first state when it is judged by the
third judgment operation that the shared document data
is not being transmitted, and determines that the com-
munication state is the second state when it is judged by
the third judgment operation that the shared document
data is being transmitted.

16. The communication device according to claim 11,
wherein the instructions, when executed by the processor,
perform the processes further comprising a third judgment
operation judging whether intra-frame compressed image
data is being transmitted to at least one of the counterpart
devices in a teleconference, and wherein

the determination operation determines that the commu-

nication state is the first state in response to the third
judgment operation judging that the intra-frame com-
pressed image data is not being transmitted, and deter-
mines that the communication state is the second state
in response to the third judgment operation judging that
the intra-frame compressed image data is being trans-
mitted.

17. The communication device according to claim 11,
wherein

the first generation operation generates the unit sound data

at a first cycle, and wherein

the transmission operation transmits the packet at one of

a plurality of second cycles that are each an integral
multiple of the first cycle.

18. The communication device according to claim 11,
wherein the instructions, when executed by the processor of
the communication device, perform the processes further
comprising a third judgment operation judging whether the
communication state has changed, wherein

the determination operation determines that the commu-

nication state is one of the first state and the second
state in response to the third judgment operation judg-
ing that the communication state has changed.
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